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At the turn of the century, only pendulum apparatuses and torsion balances were avail- 
able for general exploration work. Both these early techniques were cumbersome and time-con- 
suming. Although portable, torsion balances weighed up to 72 kg (160 lbs) (Steiner, 1926) and 
required an observing hut for protection from sun and wind. They were extremely sensitive to 
dose-by terrain effects which had to be measured with painstaking detail to a radius of 100 m 
(30 ft) around the instrument (Heiland, 1933). Often the terrain had to be physically smoothed 
to a distance of 10 m (3 ft). Accuracy of pendulum measurements suffered because time stand- 
ards of the day were pendulums themselves. The period of the roving pendulum could only be 
compared with that of another pendulum at a fixed site, or with a spring chronometer calibrated 
against a pendulum at a fixed site. This requirement was one factor that gave rise to the need 
for broadcast time signals and partly accounts for the early association between astronomy, time 
standards and geophysics. Vening Meinesz (1929) developed the technique of making ship- 
board observations with pendulums. 

It was no wonder that the development of the gravity meter was welcomed with a univer- 
sal sigh of relief. By 1 935 potential field measurements with gravity meters supplanted gradient 
measurements with torsion balances. The invention of the so-called zero-length spring 
mechanism by Dr. Lucien LaCoste (1934) has been the basis for gravity meter (and long period 
seismometer) design for more than fifty years. Gravity meters of this type were erroneously 
labeled "astatic" because they were capable of achieving infinite sensitivity. Astatic gravity 
meters soon replaced "static" gravity meters and were developed through the years for a wide 
variety of applications, including: measurements on land, in bore-holes, under water, on the 
sea-surface and in the air. Measurements from a moving platform were made possible with the 
discovery by LaCoste (1967) that an overdamped, infinitely sensitive gravity meter could 
provide an instantaneous response and large dynamic range. With the help of modern 
electronics "static" gravity meters were also developed (Jacoby, 1970) for less precise dynamic 
applications and within the past five years (Hugill, 1984) for precise stationary observations. 

Potential field measurements are generally characterized by three types: 

1) Absolute: Measurements are made in fundamental units, traceable to national stand- 
ards of length and time at each observation site. 

2) RplaHve with absolute scale: Differences in gravity are measured in fundamental units 
traceable to national standards of length and time. 

3) Relative: Differences in gravity are measured with arbitrary scale. 

The free-fall apparatus is an example of the first type. Pendulums offer an example of both types 
1 and 2, depending on how they are used. If the length of the pendulum is determined, the 
measurement is absolute; if the length of the pendulum is assumed to be constant, the measure- 
ment is relative with absolute scale. The gravity meter is an example of type 3. As gravity meters 
require a known gravity difference for calibration, various relative (type 2) pendulum ap- 
paratuses, capable of precisions up to 20 ppm, were employed until around 1970. The longevity 


56 


Valliant: Terrestrial Gravity Instrumentation In The 20th Century: A Brief Review 


of pendulums was made possible with the development of broadcast time signals and later 
with portable precise crystal clocks. Measurements performed on the North American and 
European Gravity Standardization networks with the Gulf Pendulums (Gay, 1940), USA, 
Cambridge Pendulums (Jackson, 1961), UK, and the Canadian Pendulums ( Valliant, ' 1971)' 
amongst others, continue to contribute to the adjusted values of these gravity networks. 

Absolute gravity measurements were originally performed as laboratory experiments at 
fixed sites. Sakuma (1963) in France, Preston-Thomas (1960) in Canada, Cook (1967) in the UK 
and Tate (1966) in the USA were among the early contributors in this field. A major breakthrough 
came when Faller and Hammond (1974) developed a portable free-fall apparatus in the early 
70' s. This apparatus not only improved upon the accuracy achieved with pendulums, but also 
provided absolute observations. The free-fall apparatus soon superceded pendulums for estab- 
lishing gravity standards. 

Improvements in the design of gravity meters since their introduction has led to a sig- 
nificant reduction in size and greatly increased precision. Weight decreased from 34 kg (75 lbs) 
in 1939 to about 3.6 kg (8 lbs) in modern instruments. As the precision increased from about 100 
pGals to a few pGals, applications expanded to include the measurement of crustal motion, the 
search for non-newtonian forces, archeology, and civil engineering. The development of 
peripheral devices (Valliant et al, 1986) to automatically null the gravity meter contributed to 
this increased precision. Apart from enhancements to the "astatic" gravity meter, few develop- 
ments in hardware were achieved. One of these was the vibrating string gravity meter (Gilbert, 
1949) which was developed in the \95(y s and was employed briefly for marine and borehole 
applications. Another is the cryogenic gravity meter (Goodkind et al, 1968) which utilizes the 
stability of superconducting current to achieve a relative (type 3) instrument with extremely 
low drift suitable for tidal and secular gravity measurements. An advance in performing 
measurements from a moving platform was achieved with the development of the straight-line 
gravity meter (LaCoste, 1983). In this invention, the proof-mass of the gravity meter is con- 
strained to move in a vertical straight line, thereby eliminating the cross-coupling of horizontal 
accelerations into the vertical; a problem inherent in beam type gravity meters. The latter part 
of the century also saw the rebirth of gradient measurements which offers advantages for ob- 
servations from a moving platform. Definitive testing of the Bell gradiomenter was recently 
reported (Jekeli, 1988). 


References 

Cook, A.H., A new absolute determination of the acceleration due to gravity at the National 
Physical Laboratory, England. Phil. Trans. Royal Soc., London. A, 261, 211-252, 1967. 

Faller, J.E., and Hammond J.A. A new portable absolute gravity instrument. Bulletin d'- 
Information, 35, Bureau Gravimetrique Inti., 143-148, 1974. 

Gay, M.W. Relative gravity measurements using precision pendulum equipment. 

Geophysics, 5, 176-191, 1940. 

Gilbert, R.L.G., A dynamic gravimeter of novel design. Proc Phy Soc, B, LXH, 445-454, 1949. 


57 


VaUiant: Terrestrial Gravity Instrumentation In The 20th Century: A Brief Review 

Goodkind, J.M., and W.A. Prothero Jr. A superconducting gravimeter. Rev Sci Instr., 39, 1257, 
1968. 


Heiland, C.A. Directions for the use of the Askania torsion balance. American Askania Corp., 
Houston, Tx„ The Maple Press Co., York, Pa. 1933. 

HugiU, A.L. The design and construction of a gravity meter with automatic readout. Ph.D. dis- 
sertation, Flinders University, Australia, 1984. 


Jacoby, H.D. The new Askania seagravimeter GSS-3. In Advances in 

W.T. Kattner ed. Proc of the Symposium on Dynamic Gravimetry, Ft. Worth Tx., 1 


Jekeli, Christopher. The gravity gradiometer survey system (CGSS).EOS, 105, 116-117, 1988. 

LaCoste, L.J.B. A new type long period vertical seismometer. Physics 5, 178-180, 1934. 

LaCoste, L.J.B. Measurement of Gravity at sea and in the air. Rev. of Geophysics, 5, 477-526, 
1967. 


LaCoste, Lucien. LaCoste and Romberg straight line gravity meter. Geophysics, 48, 606-610, 
1983. 


Jackson, J.E. The Cambridge pendulum apparatus. Geophysical Journal Royal Astronomical 
Soc. 4, 375-388,1961. 


Preston-Thomas H., L.G. Turnbull, E. Green, T.M. Dauphinee, and S.N. absolute 

measurement of the acceleration due to gravity at Ottawa. Can. J. Phys. 38, 824-852, 1960. 


Sakuma, A., Etat actuel de la nouvelle determination f soluede'a pesanteur au Bureau Inter- 
national des Poids et Mesures. Bull. Geodesique, 69, 249-260, 1963. 

Steiner, George. Questions and answers in regard to the original Eotvos torsion balance. The 
Rein Co. , Houston, Tx, 1926. 

Tate, D.R. Absolute value of g at the National Bureau of Standards NBS. Jour of Res, 70C, 2, 
1966. 


VaUiant, H.D. The Canadian pendulum apparatus, design and operation. Pub Earth Physics Br„ 
DEMR, Ottawa, Canada, 41, 4, 1971 . 

VaUiant, H.D., C. Gagnon, and J .F. Halpenny . An inherently linear electrostatic feedback method 
for gravity meters. JGR, 91, 10463-10469, 1986. 

Vening Meinesz, F.A. Theory and practice of pendulum observations at sea. Techmsche Boek- 
handel en Drukkerij, J. Waltman, Jr., Delft, 1929. 


58 



Valliant: Terrestrial Gravity Instrumentation In The 20th Century: A Brief Review 
General References 

Dobrin, M.B. Introduction to geophysical prospecting. McGraw-Hill, 1975. 

Heiskanen W.A. and F.A. Vening Meinisz. The earth and its gravity field. McGraw-Hill, 1958. 
Howell, B.F. Jr. Introduction to Geophysics. McGraw-Hill. 1959. 

Valliant, H.D. ed. Pendulum Papers. Dominion Observatory, 1975. (An anthology of papers 
about pendulums bound in two volumes. Available from the Geophysics Library of the 
Geological Survey of Canada, Ottawa, Canada. Referenced as QB335.P214) 

Valliant, H. D. and N. Courtier, Comprehensive bibliography of absolute gravity and related 
topics. Internal Report 84-7 of the Earth Physics Branch DEMR, Ottawa, Canada, 1984 


59 


